Abstract-In present work, hierarchical flower-like ZnO particles (FL-ZnO) were synthesized by organic-free hydrothermal route. The hexagonal structure and the formation of flower-like structure of FL-ZnO were observed by XRD and SEM analysis, respectively. The adsorption capability of FL-ZnO for the anionic (Sunset Yellow) and cationic (Malachite Green) dyes was investigated in a batch process. The effects of initial pH, initial dye concentration, temperature, and adsorbent concentration on the studied adsorption processes were also evaluated and the results showed that the studied adsorption systems were noticeably dependent of initial pH in the experimental range. The adsorption mechanism was described by the equilibrium, kinetic, and mass transfer modelling. The results showed that the experimental equilibrium data for both dyestuff were fitted well to Langmuir isotherm model, the studied adsorption kinetics were in the best agreement with the pseudo second order model, both intraparticle and film diffusion were effective on the studied adsorption systems as to Weber-Morris model. Besides, the antibacterial activities of FL-ZnO for the gram negative Escherichia-coli (O157: H7) and the gram positive Listeria monocytogenes were tested.
I. INTRODUCTION
Metal oxides, semiconductor materials, have important and wide range of application areas, such as drugs delivery, optoelectronics, environmental monitoring, antibacterial applications, process control, photocatalysis, adsorption, energy storage, and so on. Among them, ZnO structures are the one of the most promising materials and have attracted much attention in recent years [1] - [3] . In the adsorption processes; the adsorbent properties, such as surface area, porosity, phase composition, size distribution, crystallinity, affect remarkably the adsorption capacity; so, morphology-controlled growth and synthesis of micro/nano-structures is very crucial for many applications. This purpose can be achieved with the metal oxides, whose structural properties can be effectively tuned by predisposing the shape and dimensionality [4] . In recent years, among various morphological structures, especially, micro/nano-scale hierarchical structures of snowflakes, tubes, multipods, flower-like, sheets, plate-like, windmills, sphere, and dendrites have attracted much attention due to their stunning physicochemical properties as against conventional crystal structures such as, their less agglomerated configurations, high surface areas, and permeabilities [5] . Up to today, several synthesize methods have been studied for the hierarchical structures, like template assisted sol-gel, thermal evaporation, self-assembly, microwave methods, laser induced decomposition, hydrothermal, organic-free hydrothermal, solvothermal, and chemical vapor deposition. Among these methods, the organic-free hydrothermal synthesis method has been considered an effective and suitable route due to the its some advantages of simple, cost-effective, mild, and high yields [6] . In this regard, the hierarchical flower-like ZnO particles (FL-ZnO) were synthesized by the facile hydrothermal method without organic solvent and were characterized by XRD, SEM, and EDX analysis. In the literature, conventional crystalline ZnO structures have been widely utilized as adsorbents for the removal of many pollutants [3] , [7] , [8] ; but there is a limited number of studies about the adsorption on hierarchical ZnO structures and lately, the wastewater treatment studies with hierarchical ZnO structures have triggered investigation enthusiasm. Therefore; in this work, the synthesized flower-like ZnO particles were evaluated as adsorbents in the adsorption of both the anionic (Sunset Yellow) and the cationic (Malachite Green) dyestuffs, and the equilibrium, kinetics, mass transfer, and thermodynamic studies were done. Moreover, ZnO micro/nano-structures have antibacterial activities and are classified in a group of inorganic antimicrobial agents that are safer and very stable as against organic antibacterial agents. This case allows of ZnO structures to be exploited for antimicrobial applications such as in food industry, cosmetics applications, and so on [9] . Hence, the antibacterial activity of FL-ZnO was also investigated against Escherichia coli (O157: H7) and Listeria monocytogenes.
II. METHODOLOGY
A. Synthesize and Characterization of FL-ZnO 2.24 g of KOH, and 5.96 g of KCl were dissolved in 20 mL of pure water in an erlenmeyer flask and then 0.1 g of Zn powder was added to the prepared solution. The final mixture was stirred continuously for 30 min at room temperature. Subsequently, the mixture was transferred into a Teflon-lined stainless steel autoclave and then hydrothermally heated at 130 °C for 8.0 h. Lastly, the precipitates of flower-like ZnO particles (FL-ZnO) were separated by centrifuge, washed several times with pure water until the pH of the washing water became 7.0, dried in an oven at 80 °C, and stored in closed vessels in a refrigerator at +4 o C for the further studies [10] . The hydrothermally synthesized flower-like ZnO particles (FL-ZnO) were characterized by X-ray Diffractometer (XRD-Philips XPert, Netherlands), Scanning Electron Microscope (SEM-Zeiss/Supra 55, Germany), Energy Dispersive X-ray Spectroscopy (EDX-Zeiss/Supra 55, Germany).
B. Adsorption Experiments
Malachite green (MG; C 23 H 25 N 2 ; 329.02 g/mol; cationic) and Sunset Yellow FCF (SY; C 16 H 10 N 2 Na 2 O 7 S 2 ; 452.36 g/mol; anionic) were used as the model pollutants in this work. The adsorption capacities of FL-ZnO for the studied dyes were investigated by the single stage adsorption process in a batch system. For adsorption experiments, firstly; the required amount of FL-ZnO was put into conical flask containing dye solution at the desired initial pHs and initial dye concentration. The conical flasks were agitated in a water bath at constant temperature for required times to accomplish adsorption equilibrium. The samples were taken at predetermined time intervals and were centrifuged to separate supernatant and solid phase. Then, to determine the residual dye, the absorbance was recorded by UV-vis spectrophotometer at 618 nm for MG; at 412 for SY, and the adsorbed dye amount (q t : mg/g) along with the adsorption percentage (Y: %) were calculated as following (1) and (2), respectively:
(1)
where C 0 and C t (mg/L) are the initial and unadsorbed dye concentrations, respectively, X 0 (g/L) is the adsorbent concentration.
The adsorption experiments were replicated for different initial pH, initial dye concentration, temperature, and adsorbent concentration values.
C. Bactericidal Test
Escherichia coli (O157:H7) and Listeria monocytogenes cultures were obtained from the Microbiology Laboratory of Food Engineering Department of Mersin University. The bacterial cultures were grown on TSA slants and kept at 4°C. Isolated colonies obtained from the TSA slants were inoculated into TSB medium. The broth culture was incubated at 37°C for 24 h. The optical density of the culture was adjusted between 0.08 to 0.1 at 625 nm to obtain inoculum size of 1×10 7 colony-forming unit (CFU)/mL.
The antibacterial activity was evaluated using agar plate method. Surface of agar plate (Mueller Hinton Agar) was inoculated by spreading of the test microorganism over entire surface. Then, a hole with a diameter of 6 mm was punched aseptically and a weight (0.025 g) of the test compound (FL-ZnO) and 30 µL sterile distilled water is introduced into the well. The Petri dishes were incubated at 37°C for 24 h. The test compound diffuses into the agar and inhibited the growth of the test microorganism. The diameters of inhibition growth zones were measured with a digital caliper.
III. RESULTS AND DISCUSSION
In this study, the results related to the synthesize and characterization of FL-ZnO, the determination of FL-ZnO's adsorbent properties and the description of adsorption mechanisms of the anionic and cationic dyes by FL-ZnO were presented in below sections:
A. Characterization of FL-ZnO
A typical XRD pattern of FL-ZnO is presented in Fig. 1 . All the diffraction peaks can be indexed to the hexagonal ZnO structure (JCPDS card no. 36-1451; lattice constants a=3.249 and c=5.206 Å). Moreover, the high and narrow diffraction peaks show the well-crystalline of ZnO [1] . The formation of ZnO particles was also confirmed by EDX analysis. Fig. 2 suggested that FL-ZnO contain only the elements of Zn, O, Pt, and Pd (the peaks of the elements of Pt and Pd stem from the coating of the sample). The atomic ratio (≊1:1) between Zn and O proves that the as-synthesized materials are ZnO particles, which is consistent with the results of XRD analysis. Also, the new peaks appearance of C, N, Na, and S after SY adsorption; C, Cl, and N after MG adsorption was determined (figure not shown), indicating the coverage of the adsorbent surface with dye molecules. 
2) EDX analysis 3) SEM analysis
ZnO structures stems from the geometrical similarity to flowers [1] . It can be clearly seen that FL-ZnO had the typical hierarchical flower-like ZnO structures composed of sheets with a very porous structure. Among these sheets, there were lots of interspaces, which increased the surface area of FL-ZnO causing increase in effectiveness of them for applications as catalysts/adsorbents. Besides, Fig. 3b . showed that the pores in FL-ZnO structure were covered by dye molecules post-adsorption. The pH where the net surface charge is zero is called the point of zero charge (pH PZC ). There are various methods like fast titration method, solid addition method, zeta-potential method, mass titration method for the determination of pH PZC. In this work, pH PZC of FL-ZnO was determined by the solid addition method. Firstly, 25 mL of 0.1 M KNO 3 solutions were transferred to the Erlenmeyer. Then, the pH values of the solutions were adjusted from 3.0 to 11 by adding 0.5 M H 2 SO 4 and/or 0.5 M NaOH. After that, the required volume of 0.1 M KNO 3 solution was added to the solutions until the total volumes of the solutions in each Erlenmeyer were 50 mL. After the initial pH (pH i ) values of as-prepared solutions were then measured and exactly noted, 0.5 g of adsorbent was added to each Erlenmeyer. The as-prepared suspensions were manually agitated and allowed at room conditions to achieve the equilibrium for 24 h with intermittent manual agitation. Lastly, the final pH values (pH f ) of the supernatants were measured and noted. The differences between the initial and final pH values (ΔpH = pH i − pH f ) were plotted vs. the pH i values and the plot was given in Fig. 4 . By this way, pH PZC could be determined from the point intersected x-axis. The point of zero charge (pH PZC ) of FL-ZnO was determined as 5.5. As it is known, the surface charge of material is positive at pH values lower than pH pzc , zero at pH=pH pzc , and negative at pH values higher than pH pzc [11] . 
B. Effects of Experimental Conditions on Adsorption of the Cationic and Anionic Dyes onto FL-ZnO
The capability of FL-ZnO to adsorb both cationic (MG) and anionic (SY) dyestuffs can be described with the effect of initial pH on the studied adsorption processes. The effect of initial pH on the studied adsorption processes was shown in Fig 5 . Accordingly, the surface of FL-ZnO at lower than pH PZC =5.5 are positively charged causing high adsorption capacities for the anionic dye (SY) while the surface of FL-ZnO at higher than pH PZC =5.5 are negatively charged that can easily interact with MG cations; eventually induce high adsorption capacities for both SY and MG in respect to pH PZC . Consequently, it can be studied in the initial pH range of 2.0-5.0 for SY and 6.0-11 for MG with high removal capacities of FL-ZnO. 
2) Effect of initial dye concentration
The mean of this, the waste waters with high dye concentration could be effectively purified by using FL-ZnO in a single stage purification system. 
a) Kinetic modelling
The information about the adsorption rate and mechanism can be provided by the pseudo first order and pseudo second order kinetic models. The linear forms of the pseudo first order and pseudo second order kinetic models were given in (3) and (4), respectively [12] :
where q e and q t (mg/g) represent the adsorbed dye amounts at equilibrium and any time (t), respectively, k 1 (1/min) and k 2 (g/mg.min) were the rate constants of the pseudo first and the pseudo second order kinetic models, respectively. q e,cal1 and k 1 can be determined from the intercept and slope of the linear plot of log(q e -q t ) vs t, respectively (3) whereas q e,cal2 and k 2 can be determined from the slope and intercept of the linear plot of (t/q t ) vs t, respectively (4).
In our study, the kinetic studies for the adsorption of SY and MG onto FL-ZnO were carried out for different initial dye concentrations and the kinetic parameters along with the related regression coefficients were presented in Table I . As can be seen from Table I , the calculated uptakes (mg/g) from the pseudo second order kinetic model are very close to the experimental uptake amounts as well as the regression coefficients of pseudo second order kinetic model are higher than the pseudo first order model. It suggested that the pseudo second order kinetic model well-described the kinetic data of the adsorption of SY and MG onto FL-ZnO rather than the pseudo first order model.
b) Mass transfer modelling
Kinetic data can be analyzed using Weber-Morris intraparticle model (W&M), equation q t =Ki.t 0.5 +I. According to (W&M) equation, a plot of q t versus t 0.5 is a straight line from the origin if the adsorption mechanism proceeds through the intraparticle diffusion process only. However, if the plot is linear and also has intercept value, then the process is governed by both intraparticle and film diffusion [13] . In order to evaluate the effects of the external and intraparticle diffusion on the adsorption of SY and MG onto FL-ZnO, W&M was applied to the experimental kinetic data for different initial dye concentrations and the model parameters were given in Table II. As easily observed from Table II , both intraparticle and film diffusion were effective on the studied adsorption systems because the model plots were linear and also had intercept values. The effect of temperature on MG and SY adsorption onto FL-ZnO is displayed was shown in Fig. 7 . It reveals that by increasing the temperature, the removal of MG increases while the adsorption of SY decreases. These cases show that the temperature was an important parameter for the studied adsorption processes. Consequently, the optimum temperature values for SY and MG adsorption onto FL-ZnO were determined to be 25 o C and 55 o C, respectively. 3) Effect of temperature a) Thermodynamic study In order to discuss the effect of temperature on the adsorption of SY and MG onto FL-ZnO, the thermodynamic parameters including the activation energy (E a ), entropy change (ΔS), enthalpy change (ΔH), and Gibbs energy change (ΔG) were calculated by using the following (5-7) [14] :
where k o is the Arrhenius factor, k 2 is the pseudo second order rate constant (i.e. model that best described the adsorption kinetics), R is the gas constant (8.3145 J/mole.K), and K c is the equilibrium constant at temperature T. The activation energy can be determined from the slope of the linear plot of ln(k 2 ) vs 1/T by using (5) . The values of ΔH and ΔS can be obtained from the slope and intercept of the linear plot of ln(K c =C ad,e /C e ) vs 1/T, respectively, according to (7) . The calculated thermodynamic parameters were presented in Table III . Accordingly, the studied adsorption processes were spontaneous (ΔG<0), decreasing in randomness of adsorbed species (ΔS<0), whereas exothermic (∆H<0) for SY adsorption and endothermic (∆H>0) for MG adsorption. Also, if value of ∆H is lower than 84 kJ/mole for physical adsorption; however, if value of ∆H is in the range of 84-420 kJ/mole, then adsorption process is chemical in nature [15] . Based on ΔH values, this study suggested that the adsorption of SY proceeded physically while the adsorption of MG was a chemical adsorption process. The activation energy is also widely used for differentiating between physical and chemical adsorption. The activation energy for physical adsorption usually lies from 5 to 40 kJ/mole due to weak forces while higher activation energies suggest chemical adsorption and its activation energy is usually in the range of 40-800 kJ/mole [16] . The activation energies (-33.25 kJ/mole with R 2 =0.993 for SY; 67.54 kJ/mole with R 2 =0.995 for MG) also showed that SY removal was physical adsorption while MG adsorption process proceeded through the chemical adsorption. The positive values of E a indicated that increasing the temperature facilitated the adsorption or being endothermic in other words, and vice versa. Hence, SY adsorption process was exothermic whereas MG adsorption process was endothermic in nature, as can be seen from ΔH values in Table III .
b) Equilibrium modelling In order to get information about the surface properties of adsorbent, the design of adsorption systems, and the adsorption behavior, adsorption isotherm models can be applied to experimental equilibrium data. Most frequently used isotherm model equations in linear forms, Langmuir and Freundlich, are given below:
where q e (mg/g) and C e (mg/L) are the adsorbed amount (solid concentration) and the unadsorbed dye concentration (liquid concentration) at the equilibrium, respectively, Q max (mg/g) is the maximum monolayer coverage adsorption capacity of adsorbent, and b (L/mg) is the Langmuir constant about energy of adsorption,
) and 1/n are Freundlich model constants that representing the adsorption capacity and adsorption intensity, respectively. Langmuir isotherm model constants of Q max and b can be determined from the intercept and slope of the linear plot of 1/q e vs 1/C e , respectively (8) . Freundlich isotherm model constants of K F and 1/n can be obtained from the intercept and slope of the linear plot of ln(q e ) vs ln(C e ), respectively (9) .
In this work, Langmuir and Freundlich isotherm models were evaluated for different temperature values and the calculated isotherm model constants were presented in Table  IV . It was obtained that Langmuir isotherm model was determined as the best isotherm model to correlate the experimental data due to the higher R 2 and lower E values compared to Freundlich model. Based on the assumption of Langmuir model; active adsorption sites of FL-ZnO can be occupied by only one dye molecule at a time to form a monolayer on the adsorbent and no further adsorption can take place at that site. Moreover, it was designated from Table IV that the maximum monolayer adsorption capacities were obtained at the optimum temperature values. The comparison of the calculated maximum monolayer coverages from Langmuir isotherm model for SY and MG adsorptions of the different adsorbent types was presented in Table V . It was observed that FL-ZnO used in this study had significant high adsorption capacities, which made them to be used as very efficient adsorbents for both SY and MG removal from aqueous solutions. Type and concentration of adsorbent to be used in an adsorption process was very important because the adsorption take place on the active sites on surface and interior pores of the solid adsorbent. The effect of adsorbent concentration on the adsorption of SY and MG onto FL-ZnO was studied for different adsorbent concentrations and the results were shown in Fig. 8 . It can be seen from Fig. 8 , the adsorbed dye amounts at equilibrium decreases with increasing adsorbent concentration and the adsorption percentages remain nearly constant. The decrease in the adsorbed dye amounts at equilibrium at higher than 0.5 g/L of adsorbent concentration could be explained as a consequence of a partial aggregation of adsorbent, which results in a decrease in effective surface area for dye removal [29] . Therefore, the optimum adsorbent concentration was selected as 0.5 g/L for both SY and MG adsorption systems. 
C. Antibacterial Activity of FL-ZnO
FL-ZnO was effective against E. coli and L. monocytogenes, and the inhibition zone diameters of test compound for these bacteria 15.55±0.74 and 20.11±0.73 mm, respectively. This result indicated that a mixture of water and FL-ZnO had stronger inhibitory effects on growth of L. monocytogenes than E. coli (Fig. 9) .
Previous studies on the antibacterial behavior of FL-ZnO have shown that the morphology and oxidative stress play important roles in the antibacterial activity [30] . 
IV. CONCLUSION
Characterization of the hierarchical flower-like ZnO particles (FL-ZnO) synthesizing by the facile hydrothermal method was done by XRD, SEM, and EDX analysis. FL-ZnO particles were evaluated as a potential adsorbent for removal of anionic SY dye and cationic MG dye by adsorption method from aqueous solutions and the maximum monolayer coverage capacities at optimum temperature were determined as 601.3 mg/g for SY and 2066.1 mg/g for MG dyes. These capacities were very high compared to the other adsorbents in the literature. It confirmed that FL-ZnO particles may be used as effective adsorbent in small scale dyeing unit using batch or stirred-tank flow reactors and it can be concluded that it is enable to adsorb both anionic and cationic dyes from binary solutions by using one adsorbent. Besides, FL-ZnO particles were evaluated as an antibacterial agent and the results demonstrated that they could be successfully used as effective antimicrobial agents in agricultural and food packaging applications to control the growth of pathogenic bacteria. Consequently, our findings open the possibility of synthesizing effective adsorbent and antibacterial agent material with outstanding properties for dye removal and antibacterial applications. In addition, we suggest that the synthesis method in this study, organic-free hydrothermal route, can be extended to synthesize novel nano/micro-structures with different metals/metal oxides to explore more applications. 
